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Abstract
In this paper practical field performance of poly-crystalline solar photovoltaic
(PV) modules was studied and presents the correlation between efficiency,
temperature and degradation rate of modules as per STC conditions, which
are installed at rooftop of the Department of Electrical Engineering BVRIT.
The nominal output power of the PV module considered for the study is
240Wp and the panel is compressed of 60 cells in a 10x6 matrix connected in
series. After few operation years under tropical environment the degradation
rate of electrical characteristics such as 1-V and P-V curves, open-circuit
voltage (Voc), short- circuit current (Isc), maximum output current (Imax),
maximum output voltage (Vmax), maximum power output (Pmax) and fill fac-
tor (FF) are evaluated at standard test conditions (STC). Through this study,
it has noticed that the efficiency of solar panel is linearly inversely propor-

tional to temperature and degradation rate in a linear fashion.

Keywords: Open-Circuit Voltage; Short-Circuit Current; Maximum Output
Voltage; Maximum Power Output; Fill Factor; Efficiency; Degradation Rate
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I.  INTRODUCTION

Practical field study of performances
of three identical monocrystalline so-
lar modules, single power of 60 W,
with different inclinations (horizon-
tal, optimally inclined oriented to-
ward South and vertically oriented
toward South) in real meteorologi-
cal conditions, in Nis, Serbia are pre-
sented. The efficiency, performance
ratio and fill factors are measured

and compared [1].

Two identical BP-SX320
panels with poly- crystalline-
silicon cells with nomi-

nal

output power of 20W and each of the
panels is comprised of 36 cells in a
4x9 matrix connected in series. The
efficiency of the solar panel is in-
versely proportional to temperature
in a linear fashion and the decrease
rate of efficiency per temperature in-
crease is determined as 0.0024(%/°C)

2.

The effects of temperature and radia-
tion intensity on the parameters of a
copper indium diselenide (CIS) pho-
tovoltaic module. An outdoor exper-
imental setup is installed to carry out
a series of 1-V curve measurements

under different irradiance and tem-

perature conditions for the module
[3].

NREL study suggests that a more
reasonable thumb of rule will be deg-
radation less than 0.5% per year. The
quality of module is of immense im-
portance. It is safe to assume no deg-
radation for the first three years and
then a maximum of 0.5%per year

over the life of modules [4].

In this paper the performance of a
single polycrystalline PV module is
studied under outdoor (tropical con-
dition) installation. The performance
parameters include the efficiency and
degradation rate of module. Here the
study period is considered from April
2013 to June 2015.By considering
open circuit voltage (Voc), short cir-
cuit current (ls), solar irradiance and
module temperature, the degradation
rate of polycrystalline module is cal-
culated. The irradiance is measured
using the Pyranometer. To measure
the temperature; temperature sensors
are attached at the bottom of the solar
panel which is further connected to
the data logger. This data logger is
connected to the personal computer

where every instant data is stored.

Il. SYSTEM DESCRIPTION

A. System installation

93 Page 92-105 © MANTECH PUBLICATIONS 2016. All Rights Reserved



MANIECH

Publications

Recent Trends in Electrical Machines and Drives

Volume 1, Issue 3, September-December 2016

B.

An 8.4kWp grid connect-
ed solar PV plant is in-
stalled on the rooftop of
department of Electrical
and Electronics engineer-
ing, B.V.Raju institute of
engineering and technol-
ogy. This plant was in-
stalled on February 2012
with an experimental set-
up with all measuring in-
struments such as Pyra-
nometer, temperature sen-
sor, data logger, I-V curve
tracer, thermal imaging
camera for hot spot detec-
tion and data storing sys-
tem equipment. The plant
is being protected by the
lightening arrestor and
voltage surge switch. In
this paper a single PV
module performance is
examined from 8.4kWp
solar PV plant setup.

Panel specifications

The nominal output power of the
considered polycrystalline module is
240Wp and each of the panel is
compressed of 60cells. The PV
module is arranged with south facing
and it is a fixed plane tilt of 17° and
azimuth 0° (Hyderabad). The consid-
ered solar panel specifications are

shown in table 1.

C. 1-V curve tracer

The Daystar (DS-100C) I-V curve
tracer is a portable self-contained

unit for testing

photovoltaic systems. Figure 1
shows the DS-100C I-V curve tracer.
I-V curve tracers capture the data set
that includes the I-V curve data plus
values of open circuit voltage (Voc),
and short circuit current (lsc), peak
power, voltage at peak power (Vpk),
current at peak power (lpk), and fill
factor which are calculated and dis-
played with the curve. These ob-
tained values are uniquely capable of
identifying symptoms of underper-
formance in PV systems [5].
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TABLE 1: PANEL SPECIFICATIONS

Type Polycrystalline
Rated power 240Wp
Module efficiency at STC 14.3%
Open circuit voltage Voc 37.56V
Short circuit voltage Isc 8.44A
Rated voltage Vmpep 30.23V
Rated current Ivpp 7.94A
Power tolerance 12.5%

Fig. 1. DS I-V curve tracer
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11l. THEORETICAL DATA value of the fill factor is one,

Performance characteristics of solar

PV module are Short  cir-
cuit current(lsc), FEo—Pm (Imex XV ) ?
- - - oC ISC VOC ISC
Open-Circuit Voltage (Voc), Fill %cf(or) (Veexl)
(FF), Solar Cell Efficiency (1), Deg-
radation Rate (5), Performance Ra- D. Solar Cell Efficiency (i)
tio(PR).These characteristics are dis- Efficiency of the considered
cussed below, PV module at standard test
A. Short Circuit Current (ls) conditions is 14.3% but its
o : . value varies when it is place
Short circuit current is the light- P
under outdoor conditions.
generated current or photo current,
i i - The input for calculating ef-
IL. It is the current in the circuit
i . N ficiency is the product of ar-
when the load is zero in the circuit. It y P
. . ea of module (1.67 sq. me-
can be achieved by connecting the ( a
. . . ters) and input incident irra-
positive and negative terminals by
. diance on the module which
copper wire [6].
is at a tilt of 17°. The output
is the maximum power
(Pmax) obtained.
— Imax XV max
=1 [ fev) ] i (Incident solar radiation(G)xArea of solar cell(A:)) (3)
=g exp(—}-lJ-IL !
N @

which is not possible.
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B. Open-Circuit Voltage (Voc)

The open-circuit voltage, Vo, is the
maximum voltage available from a
solar cell, and this occurs at zero cur-
rent. The open-circuit voltage corre-
sponds to the amount of forward bias
on the solar cell due to the bias of the
solar cell junction with the light-

generated current.

C. Fill Factor (FF)

The fill factor is defined as the ratio
of the maximum power from the so-
lar cell to theWhere Imax and Vmax
are the current and voltage for max-
imum power, corresponding to solar
intensity (G),[6].

E. Degradation Rate (9)

Photovoltaic (PV) module
degradation rate analysis
quantifies the loss of PV
power output over time and
is useful for estimating the
impact of degradation on
the cost of energy.

Product of Vo

And ls. The maximum

d: Decline in efficiency per tempera-

ture degree (% / °C).

F. Performance Ratio (PR)

Performance ratio is the ratio of the
actual and theoretically possible en-
ergy outputs. It is largely independ-
ent of the orientation of a PV plant
and the incident solar irradiation on
the PV plant. For this reason, the
performance ratio can be used to
compare PV plants supplying the
grid at different locations all over

the world.

. Actual energy generated under field
Performance ratio = 99

conditions
Energy estimated without tempera-
ture losses

G. Normalized Power (Pnorm)

Equation 6 shows normalized power
calculation of PV plant. Rated power
output of panel is 240Wp.Irradiance
at STC is 1000 W/m?,

5= st ™ Heid 4)

Tfield - TSTC
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6 power output (Pmpp), Nom-

Rated power outputxRadiationx(1-0.0035[cell temperature-25°C])

Rated iradiance ) inalized output  power

Normalized Power (Pnorm )=

IV. PRACTICAL DATA (Prom) efficiency (n) and

degradation rate
The considered experi-

mental time period is from )?A. Performance charcteristics
April 2012 to June 2015, calculation

The table 2 consists of per- This section involves the
formance parameters i.e., performance characteris-
temperature of the module tics calculation of the PV
(T), solar irradiance (G), module  (efficiency and
open circuit voltage (Voc), degradation rate) by con-
short circuit current (ls) sidering the onsite ob-
and Fill factor (FF). Table tained temperature and ir-

3 consists of Maximum radiance (POA).

TABLE 2: PERFORMANCE
CHARACTERISTICS OF Pv MODULE

Month/Year T G Voc Isc FF
April-12 56.2 949 33.02 8.423 69.1
May-12 46.3 751 33.73 7.024 71.3
June-12 53.8 778 33.71 7.082 71.3
July-12 43 881 34.88 7.672 719
September-12 49.1 1031 33.88 8.634 70.3
November-12 54.5 946 33.66 7.638 70.6
October-13 52 991 34.01 7.989 70.9

98 Page 92-105 © MANTECH PUBLICATIONS 2016. All Rights Reserved




MANIECH

Publications

Recent Trends in Electrical Machines and Drives

Volume 1, Issue 3, September-December 2016

November-13 59 984 33.39 7.943 70.4
December-13 49.4 980 34.44 7.751 714
February-14 63.2 1028 32.60 8.478 68.6
April-14 55 763 33.26 6.282 715
September-14 62 1028 32.78 8.585 68.3
October-14 51.8 1040 33.37 8.38 67.8
December-14 53.8 1011 33.86 8.041 68.2
January-15 56.1 1103 33.64 8.869 67.5
February-15 60 1067 33.40 8.429 67.3
April-15 64 953 32.39 8.169 65.8
June-15 52.9 834 33.83 6.844 67.7
Where <100 = 14.3%

T — Cell temperature (°C)n _

(1000%1.67)

G — Solar irradiance

(W/m?) Voc— Open cir-

cuit Voltage (V) Isc —

Short circuit Current (A)

FF- Fill Factor (%)

240

Practical data for determining field

performance characteristics of PV

module as shown in table 2, which

are obtain from I-V curve tracer dur-

ing the study period.

Efficiency at STC

The solar cell power conversion

efficiency can be given as the ratio

of Pmax and Pin

ii.  Degradation rate

The degradation rate of the
module during April 2012
is considered with an effi-
ciency of 12.12, module
temperature is

56.2 C and the irradiance
at that instant is 949 W/m?,

_ MNgre " Mfjgg _ 14.3-12.12 _ o 1o
0T, T mezzs | 009%ITC ()
iii.  Normalized Power (Pnorm)

Pnorm OF April 2012 is

WIth calculation pelow.
Normalized P

= Pmax

N (Incident solar radiation (G)xArea of solar cell ( ()7
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TABLE 3 CALCULATED RESULTS

Month/Year Pmpp Prorm n 0

April-12 1921 202.88 12.12 0.069
May-12 169 166.80 13.47 0.039
June-12 170.2 167.89 13.09 0.042
July-12 192.4 198.11 13.07 0.068
September-12 205.5 226.56 11.93 0.098
November-12 181.7 203.59 115 0.095
October-13 192.8 215.36 11.64 0.098
November-13 186.8 208.05 11.36 0.086
December-13 190.7 215.11 11.65 0.011
February-14 189.5 213.73 11.03 0.085
April-14 149.3 163.89 11.71 0.086
September-14 192.2 214.76 11.19 0.084
October-14 189.6 226.18 10.91 0.126
December-14 185.8 218.18 11 0.114
January-15 2015 235.90 10.94 0.108
February-15 189.5 224.71 10.63 0.104
April-15 147.2 197.49 10.94 0.086
June-15 156.8 180.61 11.15 0.11
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Where r

zZ

'sz
— » 3 -

3 < 3
o ® N

® £ o o
® £ o T

-
-

(
u W
t )
p n — Efficiency (%)
u o — Degradation Rate (%/°C)
t Table 3 shows practical values of
Maximum power output (W), Nor-
( malized output Power (W), efficien-

W cy (%) and degradation rate (%/°C).

) September 2012 has output power of
205.5 W, Maximum efficiency of
P
13.47% is recorded in May 2012,
n
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degradation rate is low in December The Fig.3 gives a clear view of
2013 itis 0.011 %/°C. degradation rate of the panel
when it is exposed in outdoor
V. RESULTS AND DISCUSSION P

conditions. The linear line ex-
The Fig.2 explains about the de-

plains the increase of the deg-
crease in the eficiency with time.

radation rate in the considered
The efficiency during April 2012 is
12.12% and on June2015 the effi-

ciency is 11.15%. The linear trend

period. The degradation value
on April 2012 is 0.069%/°C
and on June 2015 is 0.11%/°C.
During this study period (three
years) the degradation rate of
the panel is 0.041%/°C.

line gives a practical decrease in the
efficiency when the panel is placed

in outdoor conditions.
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Fig. 2. Variation of Efficiency (%) With Month/Year.
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The Fig.4 clearly explains about the
effect the temperature on the effi-
ciency of the panel. The efficiency is
proportional to the output power
(performance of panel) against input
radiation (area of module x incident

irradiance).

By studying the trend it is understood
the efficiency decreases as the tem-
perature increases. In this case when
the efficiency is 13.07% (the highest

CONCLUSION

The main objective of this
study is to show relation
between temperature, ef-
ficiency and degradation
rate. In three year study
period the performance of
the module is analyzed.
The efficiency obtained
of the module at initial
stage is 12.12% and the
degradation rate is very
less as 0.069%/°C which
is negligible. As duration
of installation increases
the drop in the efficiency
IS increased with linear
increase in degradation
rate. According to study

[5] here the module per-

efficiency that has been achieved
with panel) the temperature at the
same time is recorded as 43°C.At an-
other point when the efficiency is
10.94% (the highest efficiency that
has been achieved with panel) and
the temperature is 64°C. Therefore
for each degree increase in the tem-
perature of the panel 0.08% of the ef-
ficiency drops.

formance is in range and
its highest value is rec-
orded as 0.174%/°C. As
the Temperature of mod-
ule increases; the Effi-
ciency of module de-
creases at that instant and
Degradation rate increas-
es. Thus the effect of
temperature was studied
to estimate the decrease

in drop of efficiency.

The majority of solar panels on to-
day’s market come with a 25-year
long warranty (also known as a per-
formance guarantee). In most cases
this means a guaranteed electrical
production for 10 years at 90% of

rated power output and 25 years at
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80% [7]. In this study for

first three years average normalized
power output of PV module is ob-
tained 85% and performance ratio of
the module is 80.34% which clearly
indicates that the performance of this

PV module is as expected.
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